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APPENDIX III.  WATER QUALITY CHECK PROGRAM 
 
Introduction 
 
 Water Quality Check Program was carried out between 1977 and 1993 by the Ministry of 
Environment, Lands and Parks, providing subsidized laboratory analyses to BC residents to have their 
drinking water analyzed.  Samples were taken and submitted to the lab by the residents and were analyzed 
by Zenon Analytical Services (currently Philip Analytical Services) (Zenon, 1993).   
 
Data Collection and Data Quality 
 
Data Entry 
 
 When the program started, analytical results were not computerized.  Ministry of Environment, Lands 
and Parks received paper copies of laboratory reports and has been keeping these reports in boxes.  A few 
boxes of reports were accidentally dumped by the janitors and those results were unable to be recovered.  
The reports saved in the boxes were later entered into a computer.  The data entry work was done by a 
consultant when one week was available from completing a contract for the Ministry (Per. comm., Rod 
Zimmerman, 1998).  In total, more than 12,400 records were entered.  Among them, 12,110 were 
groundwater samples.  Because of the time limit, eligibility of some of the reports and the amount of 
work, reasonable number of typos and other errors were expected.   
 
 Beside the data quality problems associated with data entry, major difficulty of using this database is 
the locations of wells which were not linked with well records, not properly and consistently described, or 
addresses were not even shown at all in some cases.  The only reliable and applicable locations were NTS 
map sheet numbers.   
 
 Results for more than 2,000 samples analyzed at later stage of the program were uploaded into EMS 
directly.  No data analysis could be performed on this set of the data because the downloaded file from 
EMS has more fields than any current PC-based application is able to handle.  In EMS, EMS ID for these 
records is E216868. 
 
Tested Parameters 
 
 Tested parameters of water quality were not the same for all the samples.  In general, they may 
include some of the following: 
 
pH 
Residue Filterable  
Specific 
Conductance 
Turbidity 
Alkalinity Total 
Hardness Total 
Fluoride Dissolved 
Nitrate-nitrogen 
Nitrite-nitrogen 
NO3+NO2 
Coliform Total 
Iron Total 
Iron Dissolved 

Boron Total 
Calcium Total 
Calcium Dissolved 
Magnesium Total 
Magnesium Dissolved 
Chromium Total 
Chromium Dissolved 
Copper Total  
Copper Dissolved 
Barium Total 
Barium Dissolved 
Manganese Total 
Manganese Dissolved 
Zinc Total 

Zinc Dissolved 
Arsenic Total  
Arsenic Dissolved 
Silver Total 
Silver Dissolved 
Aluminum Total 
Aluminum 
Dissolved 
Cadmium Total 
Cadmium 
Dissolved 
Cobalt Total 
Cobalt Dissolved 
Potassium Total 

Potassium Dissolved 
Molybdenum Total 
Molybdenum Dissolved 
Sodium Total 
Sodium Dissolved 
Nickel Total 
Nickel Dissolved 
Lead Total 
Lead Dissolved 
Selenium Total 
Selenium Dissolved 
Vanadium Total 
Vanadium Dissolved 
 

 
 
Database Editing 
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 Efforts on data quality improvement have been directed on correcting some of the obvious errors in 
typo, mis-matched NTS numbers for sample locations, and inconsistency in formats.  Additional editing 
work is needed in order to significantly improve the data quality, including the correct locations for some 
of the samples, verification of multiple minimum detection limits for the same parameter, the correct units 
for some data elements (e.g., feet vs. metres for well depths).  
 
Preliminary Results 
 
 WQCP data are summarized based on 1:50,000 NTS map sheets (Figure III-1).  Only selected water 
quality parameters were examined in this study, including: pH, hardness, arsenic, barium, boron, 
coliform, fluoride, lead, nitrate-nitrogen, and sodium.    
 

 
Figure III-1.  Groundwater sample distribution in the Water Quality Check Program  

 
pH 
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 The acidity of water can be measured as pH values.  Acidic water (with low pH values) may cause 
corrosion in water distribution system, elevating metal constituents (e.g., lead) in the water from metal 
pipe.  Basic water (with high pH values) may cause scaling or incrustation of water distribution system 
and in some cases be associated with other water quality concerns such as elevated fluoride.  Water with 
pH value higher than 11 has been associated with eye irritation and skin disorders (WHO, 1993).  Other 
considerations of pH include the chlorine disinfection and formation of trihalomethanes (Health and 
Welfare Canada, 1980).  The mobility of some naturally occurring constituents in the environment can be 
effected under certain pH conditions.  The Canadian drinking water Guideline has an acceptable range of 
pH from 6.5 to 8.5 as an Aesthetic Objective.  The acid-base balance of aquatic systems could be altered 
by both natural and anthropogenic processes.   
 
 In total, 12034 groundwater samples collected during WQCP had pH results.  Among them, 1214 
samples had pH values less than 6.5 and 733 samples had pH values higher than 8.5.  Only one sample 
from Kamloops had pH value higher than 11.  It appeared that lower pH values were distributed along the 
coastal areas and higher pH values were shown in BC interior (Figure III-2).  The majority of median pH 
values for the province were between 6.5 and 8.5 (Figure III-3).   
 

 
Figure III-2.  Median pH values of 

groundwater samples from WQCP 
Figure III-3.  High and low pH values of 

groundwater samples from WQCP 
 
Hardness 
 
 The main concerns with hardness are incrustation and excessive soap consumption.  Hard water may 
form scale deposits on heating and soft water may result in corrosion of water distribution system.  
Depending on other factors such as pH and alkalinity, hardness levels between 80 and 100 mg/L (as 
calcium and carbonate) are considered to provide an acceptable balance between corrosion and 
incrustation, greater than 200 mg/L are poor but tolerable, and higher than 500 mg/L are unacceptable for 
most domestic uses.  There is no Canadian drinking water Guideline for hardness, although some 
epidemiological studies suggest linkage between hardness and incidence of cardiovascular disease 
(Health Canada, 1996).  Hardness is also a controlling factor which can influence the form and toxicity of 
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numerous heavy metals (Stumm and Morgan, 1970; Alabaster and Lloyd, 1982).  Primary sources of 
hardness may include natural (e.g., limestones and soils) and industrial waste (e.g., inorganic chemicals 
and abandoned mines), whereas water draining igneous rocks is soft (Health and Welfare Canada, 1980).  
 
 In total, 11929 samples had hardness results, 5927 samples had hardness < 80 mg/L, 2946 samples 
had hardness > 200 mg/L, and 643 samples had hardness > 500 mg/L.  Based on median values of 
hardness, it appears that hardness was generally associated with the distribution of geology: soft water in 
areas with igneous rock and hard water in areas with sedimentary rocks (Figure III-4).   
 

 
Figure III-4.  Median hardness values of groundwater samples from WQCP 

 
Specific Conductance 
 
 Specific conductance is a measure of the ability of water to conduct an electric current.  It is 
influenced by dissolved solids, variations in ions (e.g., the number of ions, the amount of electrical charge 
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on each ion, and ion mobility), and the temperature of the solution.  Polluted waters or waters with a high 
mineral content tend to have high specific conductance (e.g., > 1000 µS/cm).  Most fresh waters have 
specific conductance ranging from 10 to 1000 µS/cm.  There is no drinking water guideline for specific 
conductance. 
 
 In total, 12058 samples had specific conductance results in WQCP, ranging from 1 to 5630 µS/cm.  
Among these results, 1308 samples had specific conductance higher than 1000 µS/cm and were 
distributed in the southern Canadian Rocky Mountains, the Peace River area, and interior (Kamloops, 
Clinton, and from Williams Lake to Quesnel) (Figure III-5).   
 

 
Figure III-5.  Median specific conductance values of groundwater samples from WQCP 

 
 
Fluoride 
 
 A small amount of fluoride (e.g., 1 mg/L) can help prevent dental caries (Health Canada, 1996).  At 
high concentration, fluoride can cause bone diseases such as dental fluorosis.  The Canadian drinking 
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water guideline has a maximum acceptable concentration of 1.5 mg/L for fluoride.  Fluoride may be 
prevalent in areas with volcanic rocks. 
 In total, 8595 samples had fluoride analysed in WQCP and 270 samples had fluoride higher than 1.5 
mg/L.  Most of these high fluoride data were between 1.5 to 8 mg/L and distributed in areas where 
volcanic rocks are present (Figure III-6).   
 

Figure III-6.  Fluoride results of groundwater samples from WQCP 
 
Nitrate-nitrogen 
 
 Nitrate/nitrite are considered as possibly carcinogenic to humans.  A Canadian drinking water 
guideline for nitrate-nitrogen of 10 mg/L is derived based on infantile methaemoglobinaemia.  Sources of 
nitrates may include agricultural fertilizer, manure, sewage, and decay of plant or animal material.      
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 In total, 12039 samples had nitrate-nitrogen analysed and 186 samples had nitrate-nitrogen exceeding 
the Canadian drinking water guideline for nitrate-nitrogen.  High nitrate-nitrogen occurred in areas where 
agricultural land use was predominant (Figure III-7), such as Vernon, Armstrong (?), and Williams Lake.   

 
Figure III-7.  Nitrate results of groundwater samples from WQCP 

 
Arsenic 
 
 Arsenic is carcinogenic to humans.  The interim maximum acceptable concentration (IMAC) for 
arsenic in drinking water is < 0.025 mg/L and the practical quantitation limit is 0.05 mg/L in the Canadian 
drinking water guideline (Health Canada, 1996).  Arsenic is ubiquitous in the earth’s crust and arsenicals 
are used in many commercial and industrial processes or products including alloying agents, glass, 
pigment, pesticides, feed additives and pharmaceuticals.  Arsenic could be introduced to groundwater 
from the dissolution of arsenic-containing bedrock and discharge of industrial effluents.   
 
 The minimum detection limit for arsenic was 0.04 mg/L for the WQCP groundwater samples.  A 
reliable minimum concentration which is considered higher than the drinking water Guideline for arsenic 
is estimated as 0.05 mg/L.  In total 2,124 samples were analysed for arsenic and 46 of them had arsenic 
higher than 0.05 mg/L (Table III-1).  The occurrences of arsenic greater than 0.05 mg/L could be grouped 
into the following areas in the province (Figure III-8):  
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1) Interior (Intermontane Belt): an area encompassed Vernon, Chase, Kamloops, 100 Mile House, 
Williams Lake, Quesnel, Vanderhoof, and Burns Lake; 

2) Sunshine Coast (Coast Plutonic Complex): Whistler, Powell River, Halfmoon Bay, and Heriot 
Bay; 

3)  West coast islands (Insular Belt): Saltspring Island, Galiano Island and Sooke;   
4)  Lower Fraser Valley (Glacial deposits): Whonock, Chilliwack, Surrey, and Aldergrove; and  
5)  Rocky Mountains (Omineca Belt): Wycliffe and Fairmont Hot Springs. 

 
 In all these areas, the bedrock (sources of surficial materials) could be characterized as arc, back-arc, 
and oceanic volcanic rocks or meta-volcanic rocks (Wheeler and McFeely, 1991).  An arsenic study for 
the Sunshine Coast area showed correlation between arsenic concentrations and well depths (Carmichael, 
1995), suggesting natural sources are more likely for arsenic occurrences.  Only a weak correlation 
between arsenic concentrations and well depths are observed for the arsenic results of WQCP.   
 

 
Figure III-8.  Arsenic results of groundwater samples from WQCP 

 
 
 
Table III-1.  Arsenic results from Water Quality Check Program 
 

NTS# As (mg/L)  Location 
082G/12 0.25 Wycliffe, NW of Cranbrook
082J/05 0.06 Fairmont Hot Springs

����

����

��
��

����
��

��
����

��

���� ��
��

��
����

����

����

��

��

����������	
�������

����
����
�������������
�����
������
�������
�������
��������
���������

��
��������������� �����!"
� �����
� ������
� �������
� �������
� ��������



 III-9

082L/06 0.10 Vernon 
082L/13 0.06 Chase 
092B/06 0.11 Kings Rd, Sooke
092B/11 0.06 Bulman Rd, Saltspring Island
092B/14 0.06 Village Point Water District
092E/08 0.07 Turbid Creek, Mt. Cayley
092F/15 0.31 Phillips Rd, Powell River
092F/15 0.35 RR3 Donkersley Rd, Powell River
092G/01 0.22 Whonock 
092G/01 0.06 S Sumas Rd, Chilliwack
092G/02 0.08 26 Ave, Aldergrove
092G/02 0.06 192 St, Surrey
092G/02 0.09 48th Ave, Surrey
092G/02 0.18 Halfmoon Bay, W side of Sechelt Pen
092G/03 0.07 Reid Island
092G/06 0.08 RR 1 B33 ?
092G/06 0.06 Hummingbird Lane RR1 ?
092G/06 0.08 Evelyn Dr, West Vancouver ?
092G/12 0.10 Sutherland Rd, Halfmoon Bay
092I/09 0.06 Kamloops 
092I/09 0.06 Kamloops 
092J/02 0.63 Whistler 
092K/03 0.29 Pine Tree Rd, Heriot Bay
092P/11 0.10 Sunset Dr, 100 Mile House
092P/11 0.06 100 Mile House
092P/11 0.07 100 Mile House
092P/13 0.06 Chemnex Lake Rd, Williams Lake
092P/14 0.10 Lac la Hache
093B/01 0.09 Snider Rd, Williams Lake
093B/01 0.13 Dog Creek Rd, Williams Lake
093B/01 0.06 Winger Rd, Williams Lake
093B/01 0.06 Bass Rd, Williams Lake
093B/01 0.08 Widgeon Rd, Williams Lake
093B/01 0.09 Winger Rd, Williams Lake
093B/08 0.19 Townsite, Gang Ranch
093B/08 0.12 Townsite of Soda Creek, Gang Ranch
093B/15 0.25 Reid St, Quesnel
093B/15 0.07 Quesnel 
093B/15 0.06 Front St, Quesnel
093B/16 0.08 Dragon Lake, Quesnel
093K/01 0.10 Hospital Rd, Vanderhoof
093K/01 0.14 Vanderhoof
093K/03 0.06 Brewer Ave, Burns Lake
093K/03 0.09 Burns Lake

 
Barium 
 
 Soluble barium salts is highly toxic to acute exposure, causing strong vasoconstriction, peristalsis, 
convulsions and paralysis.  Based on animal studies, exposure to barium in drinking water can increase 
blood pressure, although the most sensitive epidemiological study found no significant differences in 
blood pressure or the prevalence of cardiovascular disease between populations drinking water containing 
7.3 and 0.1 mg/L barium.  The Canadian drinking water quality Guideline for barium is 1.0 mg/L.  
Barium is found as part of the compounds in the naturally occurring minerals such as barite and witherite.  
Barium compounds are widely used in industries such as in the plastics, rubber, electronics, textiles, and 
oil and gas industries. 
 
 In total, 10544 samples analysed for barium in WQCP and 69 samples had barium higher than 1.0 
mg/L in the Chetwynd, Duncan, Courtenay, and Williams Lake areas (Figure III-9).  The sources of 
barium need further investigation to be identified. 
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Figure III-9.  Barium results of groundwater samples from WQCP 

 
Boron 
 
 Boron is considered probably not carcinogenic to humans.  Studies on animals indicate that exposure 
to boron causes infertility in males.  An IMAC of 5 mg/L has been established because the available 
practical treatment technology is inadequate to reduce boron concentration lower than 5 mg/L (Health 
Canada, 1996).  Boron is ubiquitous in the natural environment.  Boron is used in the preparation of 
disinfectants, in the manufacture of borosilicate glass, an anti-oxidants for soldering, as insecticides and 
as cleaning compounds (Health Canada, 1996).   
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